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Abstract

Today, with the increase in the construction industry and the introduction of new materials and methods of
construction and its increasing speed, as well as the widespread advertising of these companies, especially in the
field of windows, with the introduction of multi-layer windows, and their introduction as an option. suitable for
optimizing energy consumption. Therefore, this research aimed to analyze and analyze their actual effect on energy
control and also their effect on preventing Energy loss is paid. At first, he raised the issue of whether the presence
of multi-layered windows can be useful for optimization, with the aim of achieving the effect of single and multi-
layered windows, as well as the most suitable type of window in terms of the number of layers at different levels,
and in Finally, by comparing one-layer, two-layer and three-layer windows at different levels, the most suitable
type of window for each window surface was obtained through simulation. And finally, we can mention the
significant effect of three-layered windows at the window level of 70-95%, double-layered windows at the levels
of 45-70% and the lack of effect of multi-layered windows at low levels such as 20-45%.
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Extended Abstract

Introduction

Before the industrial revolution, most people
lived in villages. With the advancement of
technology, cities become the heart of economic
activities (Zahedi and Nonezhad, 2024: 50). In
recent years, factors such as global warming and
the energy crisis in the world have caused many
countries to experience changes in the field of
effective and efficient use of energy. Especially
after the crisis of 1970, there has been a
significant sensitivity about energy
consumption around the world (Malekahmadi et
al, 2024: 2). In a world where the demand for
energy is increasing every day and natural
resources are decreasing at an alarming rate,
managing and optimizing energy consumption
has become one of the most important
challenges of our century. Buildings, as one of
the biggest energy consumers, play a key role in
this equation, so that energy consumption in
buildings accounts for one third of the country's
annual energy consumption (Fatahlian and
Fakhri, 2018). In general, the problem of the
current research can be stated as follows: with
the increase in the cost of construction, as well
as the price difference between one-layer, two-
layer and three-layer windows, it is very
significant, and also whether these types of
windows can have a definite effect on
optimizing energy consumption. Therefore, the
main goal of this research is to achieve the
effectiveness of these types of windows in
optimizing energy consumption by simulating
and comparing multi-layered and single-layered
windows with each other. Therefore, the current
research has raised its question in this way, how
was the difference between the use of single and
multi-layered windows in the beginning, and
the other question of the research is whether this
difference is the same at different levels of the
window compared to the wall, and this change
to What shape is it? It is assumed that the effect
of multi-layered and single-layer windows is
not the same on different levels of the window,
and this effect can be different on different
levels, which varies in the selection of multi-
layered glass for each level of the window.

Methodology
The current research method is applied in terms
of purpose and based on the descriptive-

analytical research data collection method. And
also, data collection was in a library form, in the
sense that, in the first step, the theoretical
foundations and background of the research
were collected from up-to-date and reliable
domestic and foreign scientific sources, which
included books and scientific research articles,
and in the continuation of the research, analysis
was done. And the data analysis has been
carried out gquantitatively and qualitatively, by
using the modeling method of the following
software, the simulation and analysis of the
findings have been done.The methodology of
this research is quantitative and the data
collection tools are in the form of a library, and
at first, using up-to-date climate data that was
taken from the global website of the Energy
Plus computing engine in full with all the details
and in the software Metanorm of this data is
categorized and converted into recognizable
format in Honeybee and Ladybug energy
modeling software. In order to understand and
analyze before starting the design process, he
collected information in the form of a library,
which can be referred to international
experiences in this field, and after collecting the
library, he examined the climate data that was
in the form of a diagram. will be paid Climatic
data of Shiraz, which is one of the hot and dry
cities. And finally, with the help of the patterns
mentioned in the library studies and combining
and analyzing it with the climatic data of Shiraz
city, we will start designing with the climatic
pattern of hot and dry areas. In this research, the
simulation method was used with the help of
Honeybee and Ladybug software, which three
types of window glass were modeled as one
layer, two layers and three layers and at
different levels from 20% to 95%. , with a 5%
change in the levels, one by one has been
simulated and analyzed. At first, a building
model was modeled in Rhino and Grass Hopper
software, then climate data and climate
modeling were done in Honey Bee software,
and the outside environment was simulated in
Ladybug software. Finally, all the analyzes are
put together in a specific table in the form of
energy consumption in watts per square meter
to be analyzed and evaluated in a comparative
manner.

Results and discussion
In other words, we can point to the significant
effect of using a three-layer window instead of
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a single layer in high light-reflecting levels,
such as 95% of the light-reflecting surface, the
effect of which is a difference of more than 40
watts per square meter, as well as a difference
of 38 and 33 watts per square meter at 90 and
85% skylight levels, a difference of 29, 25 and
21 watts per square meter for levels of 80, 75
and 70% of the skylight surface, as well as a
difference of 18, 14 and 12 watts per square
meter in line with the difference in window use.
One layer and three layers are at 65, 60 and 50%
light absorbing levels. In the following, with the
decrease of the skylight surface, this difference
was less than 10 watts per square meter and
even less than 5 watts per square meter, and this
continued until 20% of the skylight surface, the
difference between one-layer and three-layer
windows The layer is only 1.4 watts per square
meter, and also in the light absorption levels of
20% to 50%, there is no difference between the
energy consumption in two-layer and three-
layer windows, or in the end, this difference
reaches only one watt per square meter, this is
in While this difference for two-layer and three-
layer windows is 5 watts per square meter for
55% to 70% of the skylight surface, but for 70%
to 85% of the skylight surface it is 7 and 8 watts
per square meter, and for 90 to 95% of the
surface The skylight is a maximum of 10 and 12
watts per square meter.From this analysis, it can
be concluded that the use of a three-layered
window is not different from a double-layered
window in a window with levels of 20-50%, and
the same double-layered window can be used,
but in more reflective levels such as 70-95%.
The more this skylight level increases, the effect
of multi-layer windows can be more effective
and play a significant role in energy control and
optimizing energy consumption.

Conclusion

Triple-glazed windows at all light levels (from
95 to 20) have the best performance in reducing
energy consumption. The difference in energy
consumption between single-layer and three-
layer windows is very large at high light levels,
so that this difference reaches 43.48 at the light
level of 95. This difference is reduced by
reducing the amount of daylight, but still triple-
layer windows are the best option in situations
where high thermal control is required. Double-
layer windows also perform better than single-
layer windows, and at high light levels (like 95
and 90), a significant difference in energy

consumption is observed. For example, at the
light level of 95, the energy consumption
difference between single-layer and double-
layer windows is equal to 31.83. As the amount
of daylighting decreases, this difference
decreases, but double-layered windows are still
a good option for reducing energy consumption
compared to single-layered windows. Single-
layer windows have an acceptable performance
at low light levels (such as 20 and 25) due to
reducing the need for thermal control. At these
levels, the difference in energy consumption
with double-layered and triple-layered windows
is minimized. In order to choose the most
suitable type of window, the ambient lighting
level and thermal requirements must be
carefully examined. Three-layer windows
perform best in reducing energy consumption
and are recommended for situations requiring
high thermal control. Double-layered windows
are also a good option and have lower energy
consumption compared to single-layered
windows. Finally, in conditions with lower
thermal requirements and low light levels,
single-layer windows can also provide
acceptable performance and be economically
viable.
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